In this paper the cross sectional area of a hydraulic servo valve is modelled as a non-linear function of the spool position.
position.
The actual leakage flow between the work port and the tank as well as between the work port and the supply port is measured. 
INTRODUCTION
A velocity feedback is often used to improve the dynamic behaviour of servo systems, especially in hydraulic position servo systems. In these applications the quality and accuracy of the velocity measurements are not so critical. The requirements are much tighter in actual velocity servo systems. In rotary motion applications velocity measurements can be quite easily realized. However, linear motions are very common in hydraulics. In general the velocity measurement is somewhat complicated in linear motions, especially in long linear motions. In harsh environments the specifications of linear velocity and position sensors are very demanding. In hydraulics it is quite common to install a position sensor inside a piston rod. In these cases the problem is that the resolution of the position sensor is quite poor. It causes the quality of the velocity estimated from the position signal to also be quite poor.
In the measurement of a position with an analog sensor the voltage range is typically 10 V. With A 12 bit ADconverter this means that in a stroke of 1m the resolution of 2.44mV corresponds to the resolution of 0.244mm. With a 100Hz sampling frequency this means that the lowest velocity that can be measured with the accuracy of 5% is 244mm/s.
As the authors have previously concluded, the velocity measurement in velocity servo applications can be implemented as an orifice flow meter [2, 4] while the control notch of a servo valve acts as a variable orifice. The volume flow through the valve control notch is calculated from the relative spool position and pressure difference over the notch. That way 1:100 flow rates can be achieved with no additional pressure loss and a very little extra space and with no extra cost. In previous studies the absolute error of piston velocity measurements was approximately 15% at 5% velocity. To further improve the accuracy it is necessary to know the valve leakage behaviour in detail. In this case the piston maximum velocity outward is 1.3m/s, so the velocity of 73mm/s means 5.6% resolution in an analog measurement. The variable orifice flow measurement has the potential to achieve 1% resolution, relative accuracy of 1% and absolute accuracy of 10%.
Since the valve dimensions depend on manufacturing tolerances and are not exactly known, any constants in accurate laminar flow equations are replaced with one single constant and values for these constants are determined by the measurements. Mathematical description is very simple and it should basically be valid for any same kind of valve when a few calibration measurements are carried out. 
The subscript i refers to the leakage of the specific control notch. The factors A and B are tuned to match the measured and modelled leakage flows. The leakage fl ows from the work port to the supply port as well as from the work port to the tank port were measured. The results are shown in the same plot, Fig.(1). Fig.(2) shows the modelled and measured leakages of port B. Port A is modelled the same way. The following method was used to find out the offsets of each control notch. First the leakages from port P to port A and from port B to port T were determined at -1.3% control point. The leakages were scaled to the 100 bar pressure difference. Then these flows were inserted into the Eq. (1) and the resulting pressure difference was compared to the pressure gain curve at the same control signal. The difference in these two pressure differences was divided equally for both chamber pressures, and corresponding control signal values were calculated from Eq. (1). The difference between these values and the original -1.3% control signal was determined for the control notch offset. The offsets from port P to port B and from port A to port T were determined the same way. Furthermore, the offsets were determined to match the static and dynamic pressure behaviour with the simulation model too. Table 1 shows the results of these determination methods. After the offsets of the control notches were found the effective relative spool position was calculated separately for each control notch. The actual flow was found by measuring the cylinder velocity. In the spool position range where the control notch was closed, the measured leakage flow to the tank was subtracted and the leakage flow from the supply was added to the measured flow, Eq.(2).
Alternately, when the control notch of the spool was open, the leakage part was set to zero and in the turbulent flow Eq. (3) [3] the effective notch area was replaced with the approximated notch area, Eq.(4).
Which can be written in more practical form, Eq. (5). (5) This effective notch area function f(u) was then fitted with third order polynomial to meet Eq.(6).
The estimated volume flow is as follows (7) In the dynamic state the compressibility flow was subtracted from the estimated volume flow and the velocity estimation was achieved. In the test installation work port pressures, tank pressure and supply pressure were measured. In the calculations the pressure drop from the supply pressure to the corresponding cylinder chamber pressure was used. It was necessary to calibrate the pressure sensors, as the calculated pressure force is quite sensitive to the actual cylinder chamber pressures.
Since the flow evaluation accuracy was poor in the valve control signal range that is less than 1%, some instability at low velocities might occur. The friction force Eq.(9) was used to set the velocity to zero and to determine the motion direction.
(9)
In practice this means that with an inertia load of 225 kg the valve opening is about 0.2% which is less than one third of the controller output offset needed to keep the cylinder steady when the velocity reference is zero. In closed loop velocity servo system tests the inertia load of 120 kg was used. The velocity servo was tuned to the lowest natural frequency point. Fig. 6 shows the velocity responses to the step inputs and also the corresponding differentiated velocity. 
